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TRENDS IN LAND COMBAT (TLC) 

SUMMARY 

THE REASON FOR PERFORMING THE QUICK REACTION ANALYSIS (QRA) was 
to assist the Office of Net Assessment of the Under Secretary of Defense for Policy in 
summarizing some of the lessons of land combat history and in using them to project selected 
aspects of the land combat environment to the near future. 

THE QRA SPONSOR was Office of Net Assessment. 

THE QRA OBJECTIVE was to describe trends in land combat that have persisted over 
extended periods of time (decades or centuries). 

THE SCOPE OF THE QRA.   Emphasis in this QRA is on: 

(1) Long-term trends in rates of advance. 

(2) Battle durations. 

(3) Personnel strengths and attrition in battle. 

(4) Evolution of US Army force structure from circa World War I to about 1985. 

(5) Lanchester parameter values. 

(6) Frequency, duration, and losses in wars. 

THE MAIN ASSUMPTIONS of this QRA are that statistical patterns that have persisted for 
long periods of time will continue for at least the next few years. 

THE PRINCIPAL FINDINGS of the QRA are: 

(1) On the average, rates of advance have not changed much over the past 400 years and so 
are not likely to change much for at least the next few years. 

(2) On the average, for the past 400 years, battle durations have tended to increase gradually 
and it is likely that this trend will continue for at least the next few years. 

(3) On the average, over the past 400 years, personnel strengths in battles have declined a 
bit while personnel battle casualties have declined steadily and relatively steeply. 
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(4) Except for the Cold War period, the total active US military strength (all Services) has 
traditionally been about 0.1 to 0.3 percent of the nation's population. It is currently a little over 
0.5 percent, and so further declines appear likely. 

(5) Over the years the US Army's tooth-to-tail ratio has varied widely. Perhaps a 
reasonable goal for the near future would be to maintain a tooth-to-tail ratio in the 40 to 45 
percent range. 

(6) Over the years, the US Army traditionally has depended heavily on the Reserves and 
National Guard for additional forces when needed. 

(7) On the average, over the past 400 years, casualty exchange ratios favoring the defender 
were essentially constant, with the defender consistently at a slight disadvantage. However, the 
intensity of battle declined steadily and steeply. 

(8) Interstate war starts appear to be governed by a Poisson process with a constant rate 
parameter equal to about 0.7 interstate war starts per year. Projecting this rate to the period 
2000-2010 we expect 7 (4 to 10) interstate wars to start. Based on interstate war data for the 
period 1820-1979, statistical projections can be made of the number of battle deaths, the 
durations, and the levels of total participation* anticipated for those interstate wars that start in 
the period 2000-2010. 

(9) Civil war starts appear to be governed by a Poisson process, but one with a gradually 
increasing rate parameter which currently is about one civil war start per year. Projecting the 
civil war rate to the period 2000-2010, we expect 10 (7 to 13) civil wars to start. Based on civil 
war data for the period 1820-1979, statistical projections can be made of the number of battle 
deaths, the durations, and the levels of total participation* anticipated for those civil wars that 
start in the period 2000-2010. 

THE QRA EFFORT was directed by Dr. Robert L. Helmbold, Model Validation Division, US 
Army Concepts Analysis Agency (CAA). 

COMMENTS AND QUESTIONS may be sent to the Director, US Army Concepts Analysis 
Agency, 8120 Woodmont Avenue, Bethesda, MD 20814-2797. 

The participation of a nation is defined as the product ofthat nation's prewar population by the number of months 
it actively fought in the war. Participation ends when the nation surrenders or adopts a neutral posture, or the war 
ends. Participation once ended may be resumed if the nation is liberated or again adopts a belligerent posture. Total 
participation in a war is the sum of the participations of all the nations that actively fought in it. 

11 
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THE US ARMY'SCENTER FOR STRATEGY AND FORCE EVALUATION -CAAy 
J  CONCCHS ANALYSIS AGENCY     J 

Trends in Land 
Combat (TLC) 

Prepared for Mr. Andrew Marshall 
by Dr. Robert L. Helmbold 

30 June 1998 

US Army Concepts Analysis Agency 
8120 Woodmont Avenue 

Bethesda, MD 20814-2797 
COM: 301-897-0749 

EMail: helmbold@caa.army.mil 

O 

This briefing presents some selected trends in land combat. The work was done 
in the Model Validation Division of the US Army Concepts Analysis Agency 
(CAA) between 1 March and 30 June 1998. Results were provided to the Office 
of Net Assessment, one of the offices reporting to the Under Secretary of 
Defense for Policy. 
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THE VS ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION 

Purposej 

To examine trends in land combat that 
have persisted over extended periods of 
time (decades or centuries). 

0 

The purpose of this effort is to examine some selected trends in land combat. 
Emphasis is on trends of long duration (decades or centuries), as these are 
sufficiently stable to serve as a basis for sound projections into the near future. 
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THE US ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION OVX,- 

Focus on land combat operations: 

• Rates of advance 

• Battle durations 

• Personnel strengths and attrition 

• Evolution of US Army force structure 

• Lanchester parameter values 

• Frequency and severity of wars 

0 

This presentation considers only land combat operations. Within that scope, it 
addresses the six major topics listed on this slide. 
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THE US ARMY'S CENTER FOR  STRATEGY AND FORCE EVALUATION 

Approach! 

• Make maximum use of existing US 
Army Concept Analysis Agency (CAA) 
studies and data bases. 

• Perform original analyses as 
necessary. 

o 
D-Apr-1MI 11:4 

CAA' s previous historical studies produced a variety of important findings. In 
the course of those studies, over 300 earlier works were examined, cataloged, 
summarized, and critically reviewed. In addition, over 180 data bases were 
created or acquired. 

Not all of these materials were germane to the TLC work, but a significant 
portion of them was invaluable. 
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Long-Term Trends in Rates of Advance | 

On the average, for the past 400 years: 

1. Rates of advance have not changed much, and so are not likely to 
change much for at least the next few years. 

2. Rates of advance of heavily-engaged forces were generally about an 
order of magnitude lower than lightly-engaged forces, provided each 
adopts the same mode of movement. 

3. Rates of advance of forces on moving by horse or motor were 
generally higher than for forces on foot by a factor of about 2, provided 
each is only lightly engaged. (Such movements do, of course, differ in 
their lift capacity.) 

4. Rates of advance of heavily-engaged forces moving by horse or 
motor were generally higher than for forces on foot by a factor of about 
1.5, provided each is heavily engaged. (Such movements do, of course, 
differ in their lift capacity.) 

© 
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The main findings of this section are summarized on this slide. 
The data used in this section are taken from: 

• A Survey of Past Work on Rates of Advance in Land Combat Operations, US 
Army Concepts Analysis Agency Research Paper CAA-RP-90-3, February 
1990, AD-A217 891. 

• A Compilation of Data on Rates of Advance in Land Combat Operations, US 
Army Concepts Analysis Agency Research Paper CAA-RP-90-4, February 
1990, AD-A220 426. 

ROADATA-Rates of Advance Data (Computer Diskette), US Army Concepts 
Analysis Data Base, February 1990, AD-M000 115. 

Rates of Advance in Historical Land Combat Operations, US Army 
Concepts Analysis Agency Research Paper, CAA-RP-90-1, June 1990, 
AD-A225 635. 
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THE US ARMY'S CENTEX FOR  STRATEGY AND FORCE EVALUATION CA/Xy 
Lightly Engaged Foot—Rate of Advance Versus Date| 
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• Rates of advance of lightly engaged forces moving primarily on foot have 
not changed much for several centuries. The estimated average rate of 
decline is about 0.03 percent per year or 3 percent per century. 

• Even that apparent decline in rate of movement is arguably due to a tendency 
to remember and record the most outstanding achievements of the ancients. 

• Observe that the highest rates of movement in modern times equal the best 
ancient rates. However, the modern data contain many average and below- 
average rates. 
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THE US ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION OVXy 
J CONCEITS ANAirsBMENCV     J 

Lightly Engaged Foot-Rate of Advance Versus Date 
(1600-2000)  3 

0 

This slide shows a blow-up of the 1600-2000 period for lightly engaged 
forces moving on foot. Here the estimated average rate of decline amounts 
to about 0.5 percent per year or 40 percent per century. 

It is provided for reference and comparison with other slides where the 
available data are limited to the 1600-2000 period. 

Even here, the seemingly rapid movements of earlier times are arguably 
more of an omission of the commonplace than a true reflection of the normal 
rates of advance. 
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THE US ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION 

Lightly Engaged Horse/Motor—Rate of Advance Versus Date | 
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Modern rates of movement of lightly engaged forces moving by horse or 
motor appear to be no higher than those achieved by the ancients. The 
estimated average rate of decline is about 0.07 percent per year or 7 percent 
per century. Again, however, we observe that modern forces can on occasion 
equal the exploits of the ancients. 

Hence, the apparent decline in rates is arguably due to selection of the most 
memorable and notable rates achieved by the ancients. Those values are not 
balanced by many cases of average and subaverage rates as is the case for the 
modern data. 
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This slide shows a blow-up of the 1600-2000 period for lightly engaged 
forces moving by horse or motor. Here the estimated average rate of decline 
amounts to about 0.23 percent per year or 20 percent per century. 

It is provided for reference and comparison with other slides where the 
available data are limited to the 1600-2000 period. 

Even here, the seemingly rapid movements of earlier times arguably are 
more of an omission of the commonplace than a true reflection of the normal 
rates of advance. 
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THE VS ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION 

Heavily Engaged Foot—Rate of Advance Versus Datej 
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On the average, rates of advance by heavily engaged forces moving on foot 
have changed very little over the past 400 years. The estimated average rate 
of decline is about 0.03 percent per year or 3 percent per century. 

Also, observe that rates of advance of heavily engaged forces moving on foot 
are about a factor of 5 to 10 lower than for lightly engaged forces moving on 
foot (compare slides 10 and 7). 

10 
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THE US ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION 

J coNczrrsMUJsn AGENCY   J 

Heavily Engaged Horse/Motor--Rate of Advance Versus Datej 

© 
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Rates of advance of heavily engaged forces moving by horse or motor 
average about a factor of 5 to 10 lower than lightly engaged forces moving 
by horse or motor (compare slides 11 and 9). 

Rates of advance of such forces appear to have increased somewhat over the 
last 400 years. The estimated average rate of increase is about 0.2 percent 
per year or 18 percent per century. 

It may be that modern armor permits faster movement than in the past 
centuries. It is not known whether improvements in antiarmor weaponry 
may in the near future moderate or even reverse this trend. 

11 
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THE VS ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION CA/\y 
B  CONCEPTSANALVSBAGZNCr     J 

Long-Term Trends in Battle Durations) 

On the average, for the past 400 years battle durations 
have tended to increase gradually. 

However, the historical record suggests that there will 
be no dramatic changes over at least the next few years. 

© 

• The main findings of this section are summarized on this slide. 

• The data used in this section are taken from: 

• Personnel Attrition Rates in Historical Land Combat Operations: Some 
Empirical Relations Among Force Sizes, Battle Durations, Battle Dates, and 
Casualties, CAA Research Paper CAA-95-1, 1 March 1995, AD-A298-124. 

• (And more particularly from the FilterO case ofCDB91DAT.xls.) 

12 
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Battle Durations Versus Date| 
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• This slide shows battle durations versus date, taken from the CAA data base 
of battles (CDB91DAT.xls). 

• The various battle durations are defined as follows: 

• Overall duration is the number of whole days from the first to the last day of 
the battle. 

• Elapsed duration is the number of days and fractions thereof from the minute 
the battle started to the minute it ended. 

• Active durations are the total number of minutes on which active combat 
took place. The active periods may or may not be contiguous. The active 
durations are expressed in days and fractions thereof. 

• Battle durations have tended to increase with time. This is true whether the 
overall, elapsed, or active durations are used. The rate of increase with time 
is the same regardless of which kind of duration is considered. The 
estimated average rate of increase is about 0.4 percent per year or 33 percent 
per century. 

13 
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THE US ARMY'S CENTER FOR  STRATEGY AND FORCE EVALUATION 

J CONCETTS ANALYSTS A<XHCI     J 

|Long-Term Trends in Personnel Strengths and Attrition! 

On the average, over the past 400 years: 

1. Battle strengths may have declined somewhat over the past 400 years. 

2. Battle casualties (both numbers and fractions) have declined steadily and 
relatively steeply over the past 400 years. 

3. Defender casualty numbers are about equal to the attacker's. 

4. Defender casualty fractions tend to be higher than the attacker's. 

5. Loser casualties (both numbers and fractions) are higher than the 
winner's. 

6. These trends are likely to continue for at least the next few years. 

O 

• The main findings of this section are summarized on this slide. 

• The data used in this section are taken from: 

• Personnel Attrition Rates in Historical Land Combat Operations: Some 
Empirical Relations Among Force Sizes, Battle Durations, Battle Dates, and 
Casualties, CAA Research Paper CAA-95-1, 1 March 1995, AD-A298-124. 

14 
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THE US ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION 
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This slide shows attacker's and defender's initial strengths versus date. 

Strengths may not actually have decreased with the passage of time, as the 
data on the older battles strongly tends to select for the larger and hence more 
notable battles. This is less true for the more recent engagements. 

In any case, the estimated rate of decrease is less than 0.35 percent per year 
or less than 30 percent per century, and the variation about the trendline is 
quite high compared to the rate of decrease. 

15 
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THE US ARMY'S CENTER FOR  STRATEGY AND FORCE EVALUATION 

Attacker and Defender Total Battle Casualty Numbers 
Versus Date 
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• This slide shows the attacker's and defender's total battle casualty numbers 
versus date. Here total battle casualties are defined to be the sum of the 
killed in action, wounded in action, missing in action, and captured. 

• On the average, the attacker and the defender each take about the same 
number of casualties. 

• On the average, the number of casualties on both sides has declined 
relatively steeply with the passage of time, despite the advances in weaponry. 
Despite the wide variability about the trendlines and the possible tendency to 
record larger and bloodier battles of long ago, this decline appears to be real. 
The estimated rate of decline is about 0.7 percent per year or 50 percent per 
century. 

• Apparently, advances in protective measures (including armored vehicles, 
helmets, the use of field fortifications, dispersion, mobility, concealment, 
engaging at longer ranges, etc.) have outpaced the ability to seek out and 
destroy targets. 

16 
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THE VS ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION COGS- 
Attacker and Defender Total Battle Casualty Fractions 
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This slide shows attacker and defender total battle casualty fractions versus 
date. 

Here the casualty fractions are relative to the initial strengths, and only 
battles with no significant reinforcements were used. (Otherwise, there 
would be an issue of what base to use for the fraction.) 

On the average, the casualty fractions of both sides appear to have declined 
at a moderate rate over the last 400 years. The estimated rate of decline is 
about 0.4 percent per year or 33 percent per century. 

Also, on the average, the defender' s casualty fraction tends to be somewhat 
higher than the attacker' s. However, a great many defender casualty 
fraction values are lower than the average attacker casualty fraction values, 
and vice versa. In other words, the attacker' s casualty fraction values 
(plotted as solid triangles) are well intermingled with the defender' s casualty 
fraction values (plotted as open circles). 

17 
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THE US ARMY'S CENTER FOR STRATEGY AND FOR CE EVAL VA TION 

Winner and Loser Strengths Versus Date| 
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The next series of slides shows the same data as in the previous slides, but 
using the winner and loser as the categories rather than the attacker and 
defender. 

On the average, winner and loser strengths have been about equal. 

On the average there has been a moderate decline in strengths with the 
passage of time over the last 400 years. The estimated average rate of decline 
is about 0.25 percent per year or 22 percent per century. 

However, the data scatter widely about the trendline, and the apparent 
decline may be due to a tendency to record larger and more notable battles in 
the past. 

18 
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This slide shows the winner's and loser's casualty numbers versus date. As 
before, total battle casualties are defined to be the sum of the killed in action, 
wounded in action, missing in action, and captured. 

On the average, the winner takes fewer casualties than the loser. However, 
the data scatter widely about the trendline, and the loser's data points (open 
circles) are well intermingled with the winner's data points (solid triangles). 

On the average, the number of casualties on both sides has declined 
relatively steeply with the passage of time, despite the advances in weaponry. 
Despite the wide variability about the trendlines and the possible tendency to 
record larger and bloodier battles of long ago, this decline appears to be real. 
The estimated rate of decline is about 0.7 percent per year of 50 percent per 
century. 

The reason is that advances in protective measures (including armored 
vehicles, helmets, the use of field fortifications, dispersion, mobility, 
concealment, engaging at longer ranges, etc.) have outpaced the ability to 
seek out and destroy targets. 

19 
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THE US ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION 

Winner and Loser Total Battle Casualty Fractions 
Versus Date 

• This slide shows the winner's and loser's total battle casualty fractions 
versus date. 

• Here the casualty fractions are relative to the initial strengths, and only 
battles with no significant reinforcements were used. (Otherwise, there 
would be an issue of what base to use for the fraction.) 

• On the average, the casualty fractions of both sides appear to have declined 
with the passage of time. The estimated rate of decline is about 0.4 percent 
per year or 33 percent per century. 

• Also, on the average, the loser's casualty fraction is higher than the winner's. 
A few winner's casualty fraction values are lower than the average loser's 
casualty fraction value, and vice versa. However, the winner's casualty 
fraction values (plotted as solid triangles) are not as intermingled with the 
loser's casualty fraction values (plotted as open circles) as was the case in 
other slides. 

• On the average, the loser's casualty fraction is more than double the winner's 
casualty fraction. 

20 
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THE US ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION 

J concertsMULTBSAONcr   J 

Evolution of US Army Force Structure j 
• Total active strength (all Services) traditionally 0.1% to 0.3% of US 
population. Currently a little over 0.5%. Further declines may be in the 
cards. 
• Tooth-to-tail ratio has varied widely. 
• US Army has depended heavily on the Reserves and National Guard. 
• Since 1960, US Army active strength deployment has been stable in 
Europe, Latin America, and Middle East/No. Africa. It fluctuated in 
Pacific/Far East, and dropped in So. Africa. 
• Traditionally, US Army Reserve Component has the highest 
proportion of officers and warrants, followed by the Active Component 
and then the National Guard. 
• Proportion of females in Active Army negligible before WWII. Ranged 
from 1% to 2% during WWII through the 1960s. From early 1970s, it rose 
to current level of 11%-12%. 
• Total number of divisions in United States Army (Active, Reserve, 
National Guard) declined from about 45 in mid-1960s to less than 30 in 
the late 1980s. Number of separate brigades varied widely. Number of 
separate regimental-sized units was fairly stable from early 1970s to late 
1980s. 0 

The main findings of this section are summarized on this slide. 

The data used in this section are taken from: 

Various US Bureau of the Census publications, and 

Evolution of US Army Force Structure (EUSAFS), Final Report, Science 
Applications International Company (SAIC) Report SAIC 89-1495, two 
volumes, 7 July 1989, UNCLASSIFIED. 

21 
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This slide shows the US population size, the total active duty strength in all 
of the military forces (Army, Navy, Marine, and Air Force), and the ratio of 
active duty strength to the total population. Use the left-hand scale for the 
US population and active duty strength. Use the right-hand scale for the 
ratio (expressed as a percentage) of active duty strength to the population 
size. 

This figure uses US Bureau of the Census data for past years, and DOD 
projections for near future years. 

As can be seen, except for the Cold War period, in peacetime the United 
States traditionally has maintained an active duty ratio of about 0.1 to 0.3 
percent of its total national population. Currently, the active duty strength 
ratio is a little over 0.5percent of the national population and is scheduled to 
decline over at least the next few years. 

One possible projection to the year 2010 would be to assume that current 
population growth rates continue but that by 2010 active duty strength 
declines to 0.3percent of the population. In that case, we might expect an 
active duty strength in 2010 of roughly 900,000, or 62 percent of the current 
active duty strength of about 1,430,000. 
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• This slide shows the " tooth-to-tail" ratio for the US Army as a whole. 

• Here " Combat Personnel" include those in combat divisions and in non- 
divisional combat units. 

• The total number of personnel are those in the Active Component. 

• The ratio has varied over a wide range. However, a nominal figure of about 
30 to 40 percent seems to be more or less typical for the period from 1950 
onward. 

• Perhaps a reasonable goal would be to attempt to keep the " tooth-to-tail" 
ratio in the 40 to 45 percent range. 
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This slide shows the US Army strength by component. 

Note that the US Army has depended heavily on the Ready Reserve and 
National Guard Components for the entire period shown here. 
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This slide shows the US Army Active Component strength by geographical 
distribution. 

Note the decline of strength in Central and Southern Africa in the early 
1970s and the general stability of strength in the Middle East/North Africa 
region since the mid-1950s. 
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• In general, the Reserve Component has been relatively heavy on officers and 
warrants, while the National Guard has been relatively light on officers and 
warrants. 

• This raises the interesting question: " What is the best mix of officers and 
enlisted for each of the various components?" 

• The " spike" in the National Guard officer percentage in 1942 is due to the 
fact that there were only 50 men in the National Guard that year, all of them 
officers. 
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The percent females in the active force was negligible until World War II. 
Then it stayed at a level of 1-2 percent for about three decades. Beginning in 
the early 1970s, the percentage of females began to rise dramatically, 
compared to its previous levels, reaching a level of about 11 percent in the 
late 1980s. 
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The number of divisions in the United States Army (Active, Reserve, and 
National Guard) declined from about 45 in the mid-1960s to less than 30 in 
the late 1980s. 

The number of separate brigades has varied widely from 1960 to the present 
day. (To some extent this is the result of decisions to separate the 
components of certain divisions, or to regroup them into a divisional 
structure.) 

The number of separate regimental-sized units has remained fairly steady at 
about 7 from the early 1970s through the late 1980s. 
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On the average, over the past 400 years: 

1. Force ratios favoring the defender declined at a moderate rate. 

2. Casualty exchange ratios favoring the defender were essentially constant, 
with the defender consistently at a slight disadvantage. 

3. Fractional exchange ratios favoring the defender declined slowly, with 
the defender again consistently at a slight disadvantage. 

4. Advantage favoring the defender declined slowly, with the defender 
again consistently at a slight disadvantage. 

5. Bitterness declined moderately. 

6. Intensity of battle and both side's attrition coefficients declined steeply. 

7. The historical data do not indicate any substantial change in these trends 
over at least the next few years. 
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• The main findings of this section are summarized on this slide. 

• The data used in this section are taken from: 

• Catalog ofCAA 's Computerized Historical Data Bases as of December 
1997, US Army Concepts Analysis Agency Memorandum Report CAA-MR- 
98-1, January 1998, UNCLASSIFIED/LIMITED, AD-(TBD). 

• But especially from CDB91DAT.xls, the CAA data base of battles. 
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• On the average, the force ratio favoring the defender declined over the last 
400 years. The estimated average rate of decline is about 0.3 percent per 
year or close to 25 percent per century. 

• Compare this with slide 15, which shows that on average the strengths on 
both sides declined, but that on average the defender' s strength declined 
more steeply than the attacker' s did. 

• There is a suspicion that the force ratio favoring the defender may have been 
fairly constant and near unity from 1600 to about the mid-1800s, and 
dropped off thereafter. However, the data offer only weak support for this 
suspicion. 
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On the average, the casualty exchange ratio favoring the defender seems to 
have been constant for the last 400 years, with a median value of about 0.85. 

From a casualty exchange ratio point of view, on the average the defender 
has consistently been at a slight disadvantage. This is counter to the oft- 
stated view that the defender has several inherent advantages over the 
attacker (such as the ability to select, study, and prepare the ground; better 
concealment and less exposure; less movement conducive to easier supply, 
etc.). 

Apparently, on the average, these defender advantages are subordinate to 
those possessed by the attacker (such as the ability to choose the time, place 
and manner of the attack, and to adjust these as the battle unfolds; greater 
freedom to break off the attack if it is unsuccessful, etc.). 
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• On the average, the fractional exchange ratio favoring the defender has 
declined somewhat over the last 400 years. The estimated average rate of 
decline is about 0.25 percent per year, or close to 22 percent per century. 

• There is a suspicion that it may have been relatively stable from 1600 to 
about the mid-1800s, after which it slowly declined. However, the data only 
weakly support this suspicion. 
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The Lanchester square law advantage parameter favoring the defender has 
also declined slowly over the last 400 years. 

The estimated average rate of decline is about 0.1 percent per year (or 11 
percent per century since here we are using a linear scale on the abscissa). 

There is a suspicion that it may have been relatively stable from 1600 to the 
mid-1800s, after which it dropped off. However, the data only weakly 
support this suspicion. 
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• The bitterness of a battle is approximately equal to the geometric mean of the 
casualty fractions on the two sides. 

• The bitterness of battles has declined over the last 400 years. The rate of 
decline is about 0.43 percent per year or 35 percent per century. 

• Again, there is some indication that the bitterness of battle may have been 
relatively stable from 1600 through the mid-1800s and dropped off 
thereafter. However, here as in the other cases, the data only weakly support 
that suspicion. 
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The intensity of a battle is equal to its bitterness divided by its duration in 
whole days. 

On the average, the intensity of battle as measured by the lambda parameter 
declined relatively steeply over the last 400 years. The estimated average 
rate of decline is about 0.8 percent per year or about 55 percent per century. 

As in other cases, there is a suspicion that most of the decline occurred after 
the mid-1800s, but the data only weakly support this suspicion. 
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• On the average, the attacker's and defender's scaled attrition coefficients 
both declined relatively steeply over the last 400 years. The estimated 
average rate of decline is about 0.8 percent per year or 55 percent per 
century. 

• There is some indication that most of the decline took place after the mid- 
1800s, but the data scatter so widely about the trendlines that no definitive 
conclusion can be supported. 
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On the average, the attacker's and defender's attrition coefficients declined 
over the last 400 years. The estimated average rate of decline is about 0.8 
percent per year or 55 percent per century. 

It is possible that most of the decline took place after the mid-1800s, but the 
data scatter so widely about the trendlines that no definitive conclusion can 
be drawn. 
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For Interstate Wars: 

1. For the period 1820-1979: 

a. Interstate war starts occurred as a Poisson process at a steady average rate of 
about 0.7 interstate war starts per year. 

b. Total battle deaths in interstate wars tended to increase slightly. 

c. Durations of interstate wars tended to decrease slightly. 

d. Total participation in interstate wars tended to increase at about the same rate 
as world population. 

e. The ratio of total battle deaths to total participation tended to decline, but total 
battle deaths tended to increase with increasing total participation. 

2. Projections for the period 2000-2010: 

a. Expect about 7 (4 to 10) interstate wars to start in this period. 

b. Expect the total battle deaths of the deadliest interstate war to be about 200,000 
(100,000 to 600,000). 

c. Expect the duration of the longest interstate war to be about 3 years (1.5 to 10 
years). 

d. Expect to total participation of the largest interstate war to be about 13,000,000 
kpm (5,000,000 to 50,000,000 kpm). 
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• The main findings of this section are summarized on this slide. 

• Here an interstate war is one between entities, at least one of which is a state 
as formally recognized by the international community of states, and which 
involves at least 1,000 battle deaths. 

• The total participation of a nation is defined as the product ofthat nation' s 
prewar population by the number of months that nation actively fought in the 
war. Participation ends when the nation surrenders or becomes a neutral, or 
the war ends. Participation once ended can be resumed if the nation is 
liberated or resumes its belligerent status. Total participation is the sum of 
the participations of all of the nations that actively fought in the war. 

• The data used in this section are taken from the following data file, obtained 
from the Inter-University Consortium for Political and Social Research, Ann 
Arbor, Michigan: 

• Wages of War, 1816-1980: Augmented With Disputes and Civil War Data- 
Part 1: Interstate Wars; Part 2: Civil Wars.   (ICPSR 9044), Principal 
Investigators: J. David Singer and Melvin Small, First ICPSR Edition, 
Winter 1984. 
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Interstate wars have started at a very nearly constant rate from 1820 to 1979. 
(Our data base ends at 1979.) 

The rate at which interstate wars started was about 0.7 interstate war starts 
per year. 

There is no indication in these data that the rate is likely to change 
significantly over at least the next few years. 
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• This table shows that the observed number of years with N interstate war 
starts is reasonably consistent with a Poisson process and a constant rate of 
about 0.7 interstate war starts per year. 

• The projections to be developed later assume that this statistical pattern will 
persist for at least the next few years. 

40 



CAA-MR-98-10 

THE US ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION 

J  CONar7SANM.YSB AGENCY     J 

Interstate Wars-Total Battle Deaths 
Versus Year War Started 

100,000,000 -L 
o   Battle deaths 

— Expon. (Battle deaths) 

o      %   > 

1820    1840    1660    1860    1900    1920    1940    1960    1980    2000 

Year war started © 

• Total battle deaths in interstate wars have tended to increase since 1820 at a 
rate of about 0.5 percent per year or about 40 percent per century. 

• However, it may be that the 20th century' s world wars are outliers that 
increase the rate of increase beyond that which is real, or that interstate wars 
of the "Pax Brittanica" period of the late 19th Century were relatively less 
bloody than the norm. 
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•    The duration of interstate wars has tended to decline somewhat with the 
passage of time. The average rate of decline is about 0.42 percent per year, 
or 34 percent per century. 
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• The total participation of a nation is defined as the product ofthat nation' s 
prewar population by the number of months that nation actively fought in the 
war. Participation ends when the nation surrenders or becomes a neutral, or 
the war ends. Participation, once ended, can be resumed if the nation is 
liberated or resumes its belligerent status. 

• Total participation for a war is the sum of the participations of all of the 
nations that actively fought in the war. 

• The abbreviation " kpm" stands for " kilo-person-months" and indicates that 
the total participation is given in units of 1,000 person-months. 

• The total participation in interstate wars increased relatively steeply over the 
period 1820-1979. The average rate of increase was 0.81 percent per year or 
56 percent per century. 

• This rate of increase is about the same as the average rate of growth of the 
world population over the same period of time. However, no causal 
relationship is known to exist between these quantities. 
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• This slide shows the ratio of total battle deaths to total participation for 
interstate wars of the period 1820-1979. 

• On the average, this ratio decreased at a relatively moderate rate of about 
0.31 percent per year or 27 percent per century. 

• As in many other cases, the historical data show no sign of any imminent 
change in either the average rate of decrease or in the amount of scatter about 
the trendline. When we come to make projections, we will assume that the 
trendline and the scatter continue on their historical courses for at least the 
next few years. 
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This slide shows the total battle deaths versus total participation for interstate 
wars of the period 1820-1979. Evidently, total battle deaths increase as the 
total participation increases. However, the increase is not simply 
proportional, but instead is governed by a nonlinear relationship. Thus, total 
battle deaths are less than doubled when the participation is doubled. 
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• This slide shows the projected probability that not more than N interstate 
wars will start during the period 2000-2010. 

• This and analogous projections are based on the assumption that the statistics 
of interstate wars over at least the next few years will be similar to those of 
the period 1820-1979. 
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This slide shows the projected probability that total battle deaths in the 
deadliest of the interstate wars started in the period 2000-2010 will be less 
thanD. 

This and analogous projections are based on the assumption that the statistics 
of interstate wars over at least the next few years will be similar to those of 
the period 1820-1979. 
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• This slide shows the projected probability that the longest of the interstate 
wars started in the period 2000-2010 will be less than Y. 

• This and analogous projections are based on the assumption that the 
statistics of interstate wars over at least the next few years will be similar to 
those of the period 1820-1979. 
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This slide shows the projected probability that the largest of the interstate 
wars started in the period 2000-2010 will be less than P. 

Here the largest interstate war is considered to be the one with the largest 
value of total participation. 

The total participation of a nation is defined as the product ofthat nation' s 
prewar population by the number of months that nation actively fought in the 
war. Participation ends when the nation surrenders or becomes a neutral, or 
the war ends. Participation, once ended, can be resumed if the nation is 
liberated or resumes its belligerent status. Total participation is the sum of 
the participations of all of the nations that actively fought in the war 

This and analogous projections are based on the assumption that the statistics 
of interstate wars over at least the next few years will be similar to those of 
the period 1820-1979. 
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Long-Term Trends in the Frequency and 
 Severity of Civil Wars 

For Civil Wars: 

1. For the period 1820-1979: 

a. Civil war starts occurred as a Poisson process, but at a gradually Increasing 
average rate, which currently is about 1 civil war starts per year. 

b. Total battle deaths in civil wars tended to increase at about the same rate as 
world population 

c. Durations of civil wars tended to decrease. 

d. Total participation in civil wars tended to be nearly constant. 

e. The ratio of total battle deaths to total participation tended to increase at about 
the same rate as world population, and total battle deaths tended to increase with 
increasing total participation. 

2. Projections for the period 2000-2010: 

a. Expect about 10 (7 to 13) civil wars to start in this period. 

b. Expect the total battle deaths of the deadliest civil war to be about 300,000 
(100,000 to 800,000). 

c. Expect the duration of the longest civil war to be about 8 years (2.5 to 20 years). 

d. Expect to total participation of the largest civil war to be about 10,000.000 kpm 
(3,000,000 to 40,000,000 kpm). 0 

• The main findings of this section are summarized on this slide. 

• Here a civil war is one between opposing entities within a nation and which 
involves at least 1,000 battle deaths. 

• The total participation of a nation is defined as the product ofthat nation' s 
prewar population by the number of months that nation actively fought in the 
war. Participation ends when the nation surrenders or becomes a neutral, or 
the war ends. Participation, once ended, can be resumed if the nation is 
liberated or resumes its belligerent status. Total participation is the sum of 
the participations of all of the nations that actively fought in the war. 

• The data used in this section are taken from the following data file, obtained 
from the Inter-University Consortium for Political and Social Research, Ann 
Arbor, Michigan: 

• Wages of War, 1816-1980: Augmented With Disputes and Civil War Data- 
Part 1: Interstate Wars; Part 2: Civil Wars.   (ICPSR 9044), Principal 
Investigators: J. David Singer and Melvin Small, First ICPSR Editions, 
Winter 1984. 

50 



CAA-MR-98-10 

THE US A RM Y'S CENTER FOR  STRATEGY AND FORCE EVALUATION CAAy 

a 100 

o     80 

6     40 

Civil Wars—Cumulative Number of Wars Since 18201 
Versus Year War Started                        | 

6 o  Cumulative number 

— Poly. {Cumulative number) - 

4 
fS 

<r 
1 = 0.0018x' - 6.2G09X ♦ 5309 8 

R' = 09889' 

«^ -**" 

-^ 

1840 1860 1900 1920 

Year war started 

1940 1960 1980 2000 

© 
*t\\l%% \%:\* 

Civil wars started at a varying and slowly increasing rate from 1820 to 1979. 
(Our data base ends at 1979.) 

Currently, the rate at which civil wars are starting is about one civil war start 
per year. 

Some simulation experiments convinced me that the varying rate of civil war 
starts is real. That is, the quadratic cumulative number of civil war starts 
shown in the historical data is not likely to arise from a Poisson process with 
constant rate. 

There is no indication in these data that the rate of civil war starts in at least 
the next few years will be less than that given by the slope of the quadratic 
expression shown on this slide. 
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Civil Wars-Generalized Poisson Distribution Fit) 

Obs'd number of 
N years w/N war starts 

0 84 
1 56 
2 12 
3 6 
4 2 
over 4 0 

Theoretical number of 
years w/N war starts 

83.6 
53.1 
18.0 
4.3 
0.8 
0.1 

© 

• This table shows that the observed number of years with N civil war starts is 
reasonably consistent with a Poisson process having a varying rate given by 
the instantaneous slope of the quadratic expression shown on the previous 
slide. 

• The projections to be developed later assume that this statistical pattern will 
persist for at least the next few years. 
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Total battle deaths in civil wars increased moderately since 1820. The 
average rate of increase is about 0.65 percent per year or about 48 percent 
per century. 
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•    The duration of civil wars has tended to decline somewhat with the passage 
of time. The average rate of decline is about 0.39 percent per year, or 32 
percent per century. 
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The median total participation in civil wars of the period 1820-1979 was 
essentially constant at about 155,000 kpm. 

The total participation of a nation is defined as the product ofthat nation' s 
prewar population by the number of months that nation actively fought in the 
war. Participation ends when the nation surrenders or becomes a neutral, or 
the war ends. Participation, once ended, can be resumed if the nation is 
liberated or resumes its belligerent status. Total participation is the sum of 
the participations of all of the nations that actively fought in the war. 

The abbreviation " kpm" stands for " kilo-person-months" and indicates that 
the total participation is given in units of 1,000 person-months 
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This slide shows the ratio of total battle deaths to total participation for civil 
wars of the period 1820-1979. 

On the average, this ratio increased at a relatively rapid rate of about 0.66 
percent per year, or 48 percent per century. 

As in many other cases, the historical data show no sign that a change in 
either the average rate of decrease or in the amount of scatter about the 
trendline. When we come to make projections, we will assume that the 
trendline and the scatter continue on their historical courses for at least the 
next few years. 

56 



CAA-MR-98-10 

THE VS ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION OVA-- 
Civil Wars-Total Battle Deaths Versus Total Participation) 

o   Data point 

-—Power(Data point) 

y = 29.092x    " 

R   = 0.4.128 

100 1,000 10,000 100,000 1,000,000 10,000,000        100,000,000 

Total participation (kpm) 

© 

This slide shows the total battle deaths versus total participation for civil 
wars of the period 1820-1979.   Evidently, total battle deaths increase as the 
total participation increases.   However, the increase is not simply 
proportional, but instead is governed by a nonlinear relationship. Thus, total 
battle deaths are less than doubled when the participation is doubled. 
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This slide shows the projected probability that no more than N civil wars will 
start during the period 2000-2010. 

This and analogous projections are based on the assumption that the statistics 
of interstate wars over at least the next few years will be similar to those of 
the period 1820-1979. 

This statistical treatment does not, of course, indicate where these wars will 
be fought, who will be directly engaged in them, or the extent to which the 
United States may be involved. 
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• This slide shows the projected probability that total battle deaths in the 
deadliest of the civil wars started in the period 2000-2010 will be less than D. 

• This and analogous projections are based on the assumption that the statistics 
of interstate wars over at least the next few years will be similar to those of 
the period 1820-1979. 

59 



CAA-MR-98-10 

THE VS ARMY'S CENTER FOR STRATEGY AND FORCE EVALUATION ox 
■ concern ANALYS 

/v 
IS AGENCY      ■ 

Civil Wars—Projected Probability That the Duration of the 
Longest Civil War of the Period 2000-2010 Will Be Less Than Y 

0.8  " 

Ü   0.6  ■ 
e 
& 
•a 

o 

A. 

0.2  - 

:      :    : \ 
:      l^-r" 

\ : i'i |         Value [ ,   ^r     ,          , 

:      i    \ 
| \ 

s     \          \ 
i    it* 

:      :    ; 
i   f 

\ 

I         . '    ■ '» ■ • 

i i 

!   ! '' ■!■■ 

i             ^r        i 

!           |       \ '     ! ' 

1 10                                                                                              100 

Du ratio n, Y (years ) 

© 
2i-Apr-H9» 10:29 

This slide shows the projected probability that the longest of the civil wars 
started in the period 2000-2010 will be less than Y. 

This and analogous projections are based on the assumption that the statistics 
of interstate wars over at least the next few years will be similar to those of 
the period 1820-1979. 
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This slide shows the projected probability that the largest of the civil wars 
started in the period 2000-2010 will be less than P. 

Here the largest civil war is considered to be the one with the largest value of 
total participation. 

The total participation of a nation is defined as the product ofthat nation' s 
prewar population by the number of months that nation actively fought in the 
war. Participation ends when the nation surrenders or becomes a neutral, or 
the war ends. Participation, once ended, can be resumed if the nation is 
liberated or resumes its belligerent status. Total participation is the sum of 
the participations of all of the nations that actively fought in the war 

This and analogous projections are based on the assumption that the statistics 
of interstate wars over at least the next few years will be similar to those of 
the period 1820-1979. 
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APPENDIX C 

STATISTICAL MODEL OF WAR FREQUENCY AND MAGNITUDE 

C-l.   ASSUMPTIONS.   The model is based on the following assumptions: 

a. The occurrence of warlike events obeys a generalized Poisson process, in which the 
process intensity, A(t), may vary with time. 

b. The magnitude, M(f), of any warlike event occurring at time t is a random variable that is 
independent of the magnitude and/or occurrence of all other warlike events, and at each time t 
obeys the cumulative probability distribution function F(x,t). That is, we have 

?r(M(t)<x) = F(x,t). (1.1) 

C-2.    CONSEQUENCES.   The following consequences can be derived from these 
assumptions: 

a. The number of warlike events occurring in the interval [0, t) is a discrete random variable, 
k(t), with probability function 

?r(k(t) = n) = ^e-AW (2.1) 

where 

A(t)= JA(s)ds. (2.2) 

b. Let the time interval [0,0 be divided into Jsubintervals, each of length h, and label these 
intervals so that interval/ starts at hj and ends at h(j +1), j = 0,1,..., J -1, so that t = hJ. Then 
the expected number of intervals that contain exactly k events, k = 0,1,..., oo is: 

J-\   A* 

E, - I-rK4' (23) 

where 

A(7+l) 

i 
hj 

nyj-TL) 

Kj =   $A(s)ds . (2.4) 
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c. The probability P„(x,t) that n warlike events occur in the interval [0, t), but that all n of 
them have magnitudes less than x, is: 

PB(x,0 = ^^e-A« (2.5) 
TV. 

where 

t 

G(x,t)= $A(s)F(x,s)ds. (2.6) 
o 

d. The probability Q{x,t) that all of the various number of warlike events occurring in the 
interval [0, t) have magnitudes less than x (or, what is the same thing, the cumulative probability 
distribution function of the maximum magnitude of all of the warlike events that occur in the 
interval [0, t)) is given by 

ß(x,0 = exp{G(x,0-A(0}. (2.7) 

C-3.    DEMONSTRATION.   The proofs of the above statements are given below. 

a. By the usual argument, it is easily seen that the differential-difference equation for Pn(t) 
is 

pl(t)J-Mt)P0(t),Xn = 0 
\-Ä(t)Pn(t) + Ä(t)Pn_l(t),n>0 

and that the boundary conditions are that P0(0) = 1 and all other P„(0) = 0. It is readily 
confirmed by substitution that the expression (2.1) satisfies the boundary conditions and the 
differential-difference equation, which verifies (2.1). 

b. By (2.1), the probability that interval y contains exactly k events is 

A* 

k\ 

Consequently, the expected number of intervals containing exactly k events is 

7=0 

which verifies (2.3). 
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Observe that 

*=0 >0 *=0   "■• 7=0 7=0 

as it should. 

c. By an easy modification of the usual argument, it is easily seen that the differential- 
difference equation for Pn(x,t) is 

AX'       \-A(t)Pn(x,t) + A(t)F(x,t)Pn_l(x,t),n>0 

and that the boundary conditions are that P0(x,0) = 1 and all other Pn(x,0) = 0. It is readily 
confirmed by substitution that the expression (2.5) satisfies the boundary conditions and the 
differential-difference equation, which verifies (2.5). 

d. By (2.5) we have 

Q(x,t) = ±P„(x,t) = fß^lLe-^ = exp{G(x,0-A(0}, 
«=0 n=0 n- 

which confirms (2.7). 

C-4.    REMARKS 

a. In this report, the cumulative distribution of magnitudes is always taken as a cumulative 
lognormal distribution with constant standard deviation and some mean drift. That is, F(x,t) is 
always of the form: 

F(x,t) = O  £±+ 

where O(z) is the standard cumulative normal distribution function, <j is the standard deviation 
of the logarithm lnx of (assumed to be constant with respect to time, /), and g(t) is the drift in 
the mean value of lnx as a function of time, /. Then G(x,t) becomes 

which is in a convenient form for numerical integration. 
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From this expression for G(x,t) we see easily that: 

i 

G(0,o= Jo(-°oyM = o 
0 

I 

G(+co,?) = fo(+ao)du = A(?) 
o 

which, of course, are as they should be. 

b. In this report, projected war frequencies and magnitudes were generated from the 
foregoing equations assuming that magnitudes were distributed as a lognormal random variable 
with drift. The specific parameter values used to project war frequencies and magnitudes are as 
tabulated below, where all times t are in years anno domini and for the projections in this report 
range from 2000 to 2010: 

(1) For interstate war frequencies, A(t) = 0.7098, independent of the time ?. 

(2) For interstate war magnitudes: 

Magnitude 

Battle deaths 
Duration, years 
Participation, kpm 

Standard deviation, a 

1.894 
1.642745 
2.14 

Drift, g(t) 

-0.2566 + 0.005035? 
7.767412 -0.00424885? 
-2.549 + 0.00814? 

(3) For civil war frequencies, Ä(t) = -6.2609 + 0.003644? (which increases with time). 

(4) For civil war magnitudes: 

Magnitude 

Battle deaths 
Duration, years 
Participation, kpm 

Standard deviation, cr 

1.9774 
1.75792 
2.79433 

Drift, g(t) 

-3.3728 + 0.006458? 
7.315103-0.00392596? 
12.1337-9.51438   10"5? 

C-4 


